We studied the specificity of kinetic methods of analysis, with emphasis on creatinine determination. The error contributed by an interferent that reacts with the analytical reagent and absorbs at the wavelength of analysis is shown to be related to the ratio of the equilibrium absorbances of the analyte and interferent, the ratio of the rate constants, the extent of the analytical reaction, and the duration of the measurement. To assess the potential diminution of interference with kinetic methods, we determined the rate constants of several a-keto acids in the Jaff#{233} reaction. Evaluation of the advantages of various measuring techniques with respect to specificity showed the main factors to be the extent of the analytical reaction and the relative value of the rate constants. Total specificity for creatine appears to be unattainable with currently used kinetic techniques. I have investigated the role of the initial measurement time, the measurement interval, the ratio of the rate constants of the interferent and analyte, and the ratio of the equilibrium absorbances of the two species in determining the specificity of the kinetic analysis. I have also investigated the effect of measurement technique on accuracy, in an attempt to identify any increase in specificity as a consequence of method. and distilled water to avoid any effect of acid on the hydroxide ion concentration and were used within 8 h of preparation.
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We studied the specificity of kinetic methods of analysis, with emphasis on creatinine determination. The error contributed by an interferent that reacts with the analytical reagent and absorbs at the wavelength of analysis is shown to be related to the ratio of the equilibrium absorbances of the analyte and interferent, the ratio of the rate constants, the extent of the analytical reaction, and the duration of the measurement. To assess the potential diminution of interference with kinetic methods, we determined the rate constants of several a-keto acids in the Jaff#{233} reaction. Evaluation of the advantages of various measuring techniques with respect to specificity showed the main factors to be the extent of the analytical reaction and the relative value of the rate constants. Total specificity for creatine appears to be unattainable with currently used kinetic techniques.
AddItional Keyphrases: Jaff#{233} reaction . kinetic analysis . variation, source of . centrifugal analyzer Creatinine determination has been dominated by the use of the Jaff#{233} reaction since its introduction by Folin in 1914 (1). Although there has been some debate as to the nature of the product, Butler has presented strong evidence that the structure is a Janovsky complex (2) . The proposed mechanism also agrees with the observed rate law involving creatinine, picric acid, and hydroxide ion. The reaction of picrate under the conditions used is known to be very nonspecific, occurring with any compound that possesses an active methylene group such as a keto-enol tautomer.
As a result, a great deal of effort has been expended in an attempt to improve the specificity within the technique. The methods used so far include batch or column ion-exchange chromatographic adsorption onto Lloyd's reagent (3) or a cation-exchange resin (4, 5) , preliminary oxidation and extraction of interferents (6, 7) , and removal of noncreatinine-chromogen color by using acid-treated reaction mixtures as blanks (8, 9) . Alternatives to the Jaff#{233} reaction such as the use of 3,5-dinitrobenzoates (10), gas chromatography 
13)
have also been proposed.
The most popular means of improving the specificity of the creatinine assay, however, has been the use of kinetic methods based on the Jaff#{233} reaction.
I have investigated the role of the initial measurement time, the measurement interval, the ratio of the rate constants of the interferent and analyte, and the ratio of the equilibrium absorbances of the two species in determining the specificity of the kinetic analysis. I have also investigated the effect of measurement technique on accuracy, in an attempt to identify any increase in specificity as a consequence of method. Picric acid (J. T. Baker Co., Phillipsburg, NJ 08865), 13 gIL; sodium hydroxide, 2.5 mol/L; and de-ionized water were mixed 9/2/9 by vol to prepare the Jaffb reagent.
Materials and Methods
Results and Discussion
The kinetic approach to achieving methodological specificity is certainly not a new one. Many researchers (15-19) have discussed both the instrumentation and approaches to kinetic analysis. For two first-or pseudo-first-order reactions, each of which produces a colored product (B and C) that has some absorbance at a prescribed wavelength, the absorbance at any time t is given by
where j and c are the molar absorptivities for the interferent B and analyte C, respectively, b is the optical path length, [B]0 and IC]0 are the initial concentrations of B and C, and kjs and k c are the first-order rate constants. Because the absorbance at any time is a function of the product of the path length, the molar absorptivity, and the initial concentration, we can represent this absorption product as A,B and for compounds B and C, respectively.
The molar absorptivities are determined by the products of (e.g.) the Jaff#{233} reaction. It should be apparent from equation 1 that the second determining factor in the production of an absorbance at any time is the rate constants, kB and kc. These are again determined by the choice of reaction (e.g., Jaff#{233}) and the reaction temperature. The change in absorbance, A, from time t1 to time t2 can be written as
' 
IA=.8 exp(-k8ti) 1-exp(--kLst)]J
Rearranging, IA=,c
If r is the ratio of the rate constants,
The error in the absorbance change measurement is now a function of the measurement interval and of three dimensionless quantities:
the ratio of the equilibrium absorbances, the ratio of the rate constants, and the extent of the reaction of analytical interest at the initial absorbance measurement. I emphasize that 0 is the relative error in absorbance; to estimate the relative error in analyte concentration, the results must be multipled by a concentration conversion factor
Now consider the ratio of the rate constants for several cases of analytical interest.
If the rate of the interfering reaction is slow compared with that of analytical reaction, r < 1 and one would expect to make the measurement soon after initiation of the reaction;
i.e., kcti is small. Equation  5 would indicate increasing precision with this approach.
In the case of creatmine, however, the rate constant for acetoacetate has been shown to be larger than that for the analyte, i.e., r> 1. This would require a greater extent of reaction for the analyte before the contribution of the interference to the absorbance change can be eliminated. Equation 5 predicts a decrease in error under these circumstances.
The intermediate case presents considerable difficulties in the use of kinetic analysis with one-or two-point measurements.
We will restrict our discussion to cases where r is greater than or equal to 1. Because one is attempting to improve the specificity of the Jaff#{233} reaction by using kinetic methodology, a plot of error as a function of extent of reaction should yield useful information about several of the parameters of interest. Figure 1 illustrates the effect of the ratio of the rate constants.
If there is an interferent whose rate constant is larger than that observed for the analytical species, one should ideally wait until the interfering reaction reaches equilibrium before measuring the absorbance change. The length of time one can wait for component B to reach completion, however, is limited, because at least 10% of component C must remain to assure that a significant rate of reaction is observed (17) . This requires that the reaction of interest proceed for three half-lives or less, e.g., (5) kcti 1.983. If r is 1.5, the interfering reaction contributes about 50% of the absorbance change. When r is 3 or greater, the error in the measurement is less than 5% under the conditions stipulated.
Under the more reasonable limit of one half-life elapsed from initiation for the reaction of analytical interest, an r value of less than 7 yields more than 5% error when A,/A = 1. Figure 2 shows the effect of varying the ratio of absorbances for an r value of 3.0. When the absorbance product of the analyte is 10-fold greater than the absorbance product of the mterferent, the three-half-life extent of reaction criterion can be met with only 5% error, even when the r value is 1.5. Note that as the initial concentration of B increases, Figure 2 , the error at any extent of conversion increases. Figure 3 illustrates the effect of the measurement interval on the error in analysis. The larger the interval, the greater the sensitivity of the assay. Thus, when it is very large, there is, in effect, an equilibrium analysis. At the opposite extreme, a pure derivative method uses a measurement interval of essentially zero. It has been implied that the derivative method is more specific than two-point kinetic methods because the interference B is measured to a greater absolute degree with a larger & (20) . As shown in Figure 3, Figure 4A illustrates an absorbance vs time curve for several analyte-interferent mixtures. By choosing t1 and t, the observed absorbance change can be obtained. For kinetic specificity to occur, the curves for the mixture of materials must be parallel to the curve for the pure analyte. This can be shown to be true after about 30s for curve c. Figure 4B illustrates the rate of change of absorbance for the curves in Figure 4A , obtained by taking the derivative of equation 1. They-value at any time t is proportional to the concentration of analyte. In this case, the curves for the mixture and pure analyte must be coincident to remove any contribution of the interference. Note that curve c converges with curve a at about 30 s, the same time as the occurrence of parallelism in the absorbance-time illustration.
A,8 increases and, as shown in
In neither case can the interference with a rate constant twice the rate constant of the analyte (curve b) be eliminated from quantitation with the species of interest. Thus the specificity, which is determined by the reaction kinetics, is not changed by method.
To ascertain whether creatinine could be accurately determined in the presence of metabolites such as pyruvate, I tested a series of common metabolites.
Citrate, f3-hydroxybutyrate, and lactate, up to 50 mmol/L, showed no reactivity with alkaline picrate. These results were anticipated because the presence of hydroxyl groups instead of ketone functions would result in a relatively unreactive methylene group. Acetoacetate reacted so rapidly that its reaction was essentially complete after 10 s, the first time observable with the GEMSAEC.
This would require a rate constant of at least 0.5
1.
The apparent first-order rate constants for all species that showed a significant reaction rate were as follows: In summary, kinetic methods of serum creatinine analysis rely on a constant rate of reaction between creatinine and alkaline picrate to achieve a more specific and therefore more accurate analysis. Shoucri and Pouliot (14) have reported the variation in rate constants for serum creatinine and the attendant difficulties of obtaining accurate results. I have, on a theoretical basis, evaluated the effect of the measurement interval and the ratio of the rate constants, the initial concentrations of analyte and interferents, and their molar absorptivities with respect to the error in absorbance observed due to an interfering reaction. The most important parameters, despite the attention given to various measuring techniques, are the fractional conversion of the analyte of interest and the ratio of the rate constants. Moreover, a number of keto-acids have rate constants that preclude obtaining total specificity with currently used single-and two-point kinetic methods.
